Abstract: This paper explores the concept of a work in WorldCat, the OCLC Online Union Catalog, using the hierarchy of bibliographic entities defined in the Functional Requirements for Bibliographic Records (FRBR) report. A methodology is described for constructing a sample of works by applying the FRBR model to randomly selected WorldCat records. This sample is used to estimate the number of works in WorldCat, and describe some of their key characteristics. Results suggest that the majority of benefits associated with applying FRBR to WorldCat could be obtained by concentrating on a relatively small number of complex works.
Introduction
The concept of a work is "an essential component of modern catalogs" [1] . And yet, much ambiguity surrounds its definition, particularly, as Smiraglia observes, in regard to "the degree to which change in ideational or semantic content represents a new work" [2] . Functional Requirements for Bibliographic Records (FRBR) [3] , an initiative sponsored by the International Federation of Library Associations and Institutions (IFLA) Section on Cataloging, extends much of the previous scholarship on the nature of a work into a functional concept suitable for implementation in library catalogs. By offering a definition of a work as well as a prescription both for distinguishing between works and clustering together variations of a single work, FRBR represents a valuable tool for identifying, describing, and comparing works.
The FRBR model has generated a great deal of interest in the library community, with several initiatives currently underway to apply the FRBR concepts to library catalogs. In this paper, the FRBR concept of a work is applied to a sample of records taken from WorldCat (the OCLC Online Union Catalog) to: 1) estimate the number of works represented by the nearly 50 million records in WorldCat, and 2) identify the salient characteristics of these works. This paper provides a brief overview of FRBR, a description of a methodology for applying the FRBR work concept to a sample of 1,000 bibliographic records taken from WorldCat, and estimates of the number of works in WorldCat and their associated characteristics, based on analysis of the sample.
Application of the concept of a work to a union catalog, in terms of its impact on the cataloging process, is briefly discussed. FRBR identifies three classes of entities relevant to users of bibliographic information: Group 1 entities include the "products of intellectual or artistic endeavor that are named or described in bibliographic records" [11] ; Group 2 are "those responsible for the intellectual or artistic content, the physical production and dissemination, or the custodianship of the entities in the first group" [12] ; and Group 3 entities "serve as the subjects of intellectual or artistic endeavor" [13] . The class relevant to the present study is Group 1, which includes:
• Work: a distinct intellectual or artistic creation
• Expression: the specific form that a work takes each time it is "realized"
• Manifestation: the physical embodiment of an expression of a work
• Item: a single exemplar of a manifestation This four-level bibliographic structure begins with an abstract entity called a work at the top of the hierarchy, and runs through three levels of ever-increasing concreteness ending with the item entity, which refers to a single copy of a resource such as a book or CD-ROM. Each of these entities is described in greater detail in the following paragraphs.
According to FRBR, a work is a distinct artistic or intellectual creation by a person, group, or corporate body, which is identified by a name or title. Although the concept of a work is necessarily abstract, FRBR provides a set of guidelines for An expression is "the specific intellectual or artistic form that a work takes each time it is 'realized.'" [15] The form of a work might be "alpha-numeric, musical or choreographic notation, sound, image, movement, or any combination of such forms."
[16] The key difficulty in working with the FRBR bibliographic entities lies with the concept of an expression. The stipulation that "any change in artistic or intellectual content … no matter how minor" [17] is considered to be a new expression presents serious implementation issues. For example, determining whether or not one edition of a book represents a different expression compared to another edition can be an arduous process. The revisions or modifications, if any, may not be evident from the bibliographic record itself and, therefore, would require manual examination of the book to identify, a task which may be unrealistic or even impossible. See O'Neill [18] , for a case study illustrating these problems.
A manifestation is "the physical embodiment of an expression of a work." [19] Manifestations take the form of manuscripts, books, periodicals, maps, posters, sound recordings, films, video recordings, CD-ROMS, or multimedia kits-"all the physical objects that bear the same characteristics, in respect to both intellectual content and Finally, an item is a single exemplar of a manifestation.
In this study, the FRBR concepts of work and manifestation are used to examine the number and characteristics of works present in WorldCat.
Identifying work clusters in WorldCat
A random sample of 1,000 bibliographic records was selected from WorldCat. No restrictions were placed on the type of material to be included in the sample, so the distribution of the sample records across type reflects the overall distribution in WorldCat as a whole-85% books, 5% serials, 4% musical performances and scores, 3% projected mediums, 2% maps, and the remainder a variety of forms such as voice recordings, computer files, and two-dimensional non-projectable graphics. An examination of the sample records revealed that four were associated with the Bible. Because sacred works pose unique challenges in terms of identifying their boundaries, and warrant separate study, these four records were excluded from the analysis, for a sample total of 996 records.
A WorldCat record describes the FRBR manifestation entity that, according to the structure of the FRBR model, can be traced back to the work entity from which it was derived. Therefore, the 996 sample records can also be considered a sample of works.
However, since multiple manifestations can be associated with the same work, characterization of the works present in WorldCat requires first identifying any additional records in WorldCat corresponding to any of the works represented in the sample.
The process of clustering WorldCat records associated with the works in the sample was a combination of automated scans and manual review. First, WorldCat was scanned through an algorithm that utilized critical information from each sample record's main entry and title fields to identify candidate records for the cluster. For example, an author from a sample record "Smith, John Jacob" was matched to potential variations on the name, such as "Smith, John" or "Smith, J." Obvious mismatches, such as "Smith, Joseph," were excluded. In addition to author matching, records were selected based on full or partial keywords extracted from the sample record's title. Keywords were manually selected on the basis of relevance and uniqueness, and were compared to text in any title or note field. Partial keywords were particularly useful for picking up plurals, or 
Results and analysis
Creation of the work clusters as described above resulted in the extraction of an additional 7,702 records from WorldCat, for a total of 8,698 records associated with 996 sampled works. These records can be used to estimate the number of works in WorldCat and to characterize their attributes.
Prior to drawing inferences from the sample data, an adjustment had to be made to correct for any bias. Since works were indirectly selected by sampling manifestations with n different manifestations has n times the probability of being selected, the observed frequency of a work of size n must be divided by n to obtain an unbiased estimate of the actual frequency. For example, if works with five manifestations were observed 22 times in the sample, this result was divided by the work size to yield a weighted frequency of 4.4. This procedure equalized ex post the probability of selection across works of unequal size, thereby removing inferential bias.
General statistics
As In no way is this interpretation-paring down the potential benefits to 1% of all works-meant to understate the potential of FRBR. Consider the following:
One percent of 32 million works in WorldCat projected through the sample, is 320,000 works, which, in absolute terms, is still a significant number. As a point of comparison, consider that the average Borders bookstore contains 150,000
books [21] . These books correspond to the FRBR concept of an item. Assuming multiple copies are kept in stock, these items can be traced back to a proportionately smaller number of manifestations. These manifestations correspond, in turn, to a smaller number of expressions, and ultimately, to an even smaller number of works. Therefore, the number of works represented in Borders will be some small fraction of 150,000. Given this, applying FRBR to 1% of the works in WorldCat, or 320,000 works, would account for many times the number of works found in a large bookstore such as Borders. Persuasive evidence can be marshaled to support the hypothesis that the largest works represent the most important segment of the catalog, as measured by library holdings data. For example, the five most widely held works in the WorldCat sample, as measured by total holdings, were also the five largest works.
The most widely held work in the sample that had just one manifestation exhibited total holdings of 710. In contrast, the largest work in the sample (1,251 manifestations) had total holdings of 27,434. These data suggest that applying FRBR to a small segment of the library catalog, i.e., the largest works, would yield a disproportionately high degree of benefit for the most libraries.
Types of work
As discussed in Section 2's overview of the FRBR model, a work can embody multiple expressions. For these works it is useful to examine the nature of the variation that distinguishes one expression from another. Such an analysis offers insight into the complexity of the works identified in the sample, as well as the dynamic evolution of a work over time, relative to its original expression.
To conduct this analysis, the authors defined three classes of works:
An Elemental Work is a work with a single expression and a single manifestation, such as a government report that was published exclusively as a pamphlet. A Simple Work is a work with a single expression but multiple manifestations, such as a doctoral thesis available in both paper and microfilm.
A Complex Work is a work with multiple expressions, or realizations, of its intellectual or artistic content, such as multiple editions of a textbook. Figure 1 illustrates the breakdown of works in WorldCat by degree of complexity.
Elemental works account for the largest proportion of works in WorldCat, followed by
Simple works, and then Complex works at only 6% of all works in WorldCat.
<<FIGURE 1>>
Since they embody multiple expressions, complex works will tend to be larger than the average work in WorldCat. As the discussion above suggests, larger, complex works stand to benefit the most from organization under the FRBR entity-relationship model.
The challenge comes in identifying complex works. This requires a means to identify the existence of multiple expressions subsumed under a single work or, put another way, the forms of variation that distinguish one expression from another.
According to the FRBR model, "any [emphasis added] change in intellectual or artistic content constitutes a change in expression" [22] . implies that even relatively minor changes, such as an updated bibliography, are sufficient to create a new expression of the work and thus define the work as complex.
In some cases, multiple expressions within a work are straightforward to identify.
For example, multiple translations of a particular work can be easily identified from information present in the bibliographic record. For example, "the collected works of Shakespeare" would be considered a work; a collection of Shakespeare's comedies and a collection of Shakespeare's tragedies would be considered two distinct expressions of this work.
It should be noted that none of these six categories defined above are mutually exclusive. In assigning a work to a category, precedence was given to the augmented, strictly on information available in the bibliographic records. In general, augmented works were identified by information in the 700 field (added entries); revised works by the 250 field (edition statement); and collected works by the 245 field (title). Translations were determined on the basis of information in the 008 field, while forms of expression were derived from the "Type" and "Bibliographic Level" positions of the record leader.
As noted above, complex works make up approximately 6% of all works in WorldCat, or a little less than 2 million works. Figure 2 illustrates the breakdown of complex works by type.
<<FIGURE 2>>
Based on analysis of the sample, it is estimated that more than half of the approximately two million complex works in WorldCat are revised works;. a quarter embody expressions distinguished solely on the basis of language, and the remaining categories account for relatively small segments of complex works (less than 10 % each).
Although complex works account for only a relatively small percentage of the works in WorldCat, this result belies the true significance of these works. For example, revised, augmented, and collected/selected works together account for only 4% of the works in WorldCat. Yet, these works represent more than 12% of the manifestations (records). This suggests that works falling into these categories will tend to be larger, in terms of number of manifestations, than the average work in WorldCat. Indeed, proportion of all works, the scope of the task is manageable while yielding the greatest benefits.
Characteristics of works in WorldCat and the impact on cataloging
In addition to improving search and retrieval functionality for users of bibliographic records, FRBR also creates the potential for realizing "economies of scale" in cataloging. This occurs by propagating characteristics applicable at the level of a work among all manifestations of that work. Put another way, these characteristics apply to the work as a whole, and, therefore, are "inherited" by all manifestations associated with a particular work.
To explore this aspect of FRBR, the sample works from WorldCat were examined in regard to subject. Assigning subject headings and classification numbers is a time- associated with a work and the likelihood that at least one of these manifestations will contain a classification number in its bibliographic record. According to the sample data, if there is a single manifestation associated with a work, the chance of it containing a Library of Congress classification number is about 50%. When two manifestations are associated with a work, the probability of obtaining at least one LC number increases to about 67%. The probability increases still further to 85% if there are three manifestations.
For works with 4, 5, 6, 7, or 8 manifestations, the chances of obtaining an LC classification number are between 90 and 95%. For works embodying nine or more manifestations, obtaining an LC classification number from at least one record is virtually certain.
Dewey classification numbers are less common than LC numbers. For works of one manifestation, there is only a 22% chance of containing a Dewey number; this probability increases to 37% and 53% for works with two or three manifestations respectively. For works with 15 or more manifestations, it is virtually certain that at least one record will contain a Dewey number.
Clustering manifestations into works permits the inheritance of certain types of bibliographic information across all bibliographic records associated with a work. Worklevel information that appears in only a few, or even one, records can be extended to all records in the cluster. For example, the analysis of sample data would suggest that about significantly, however, when only unique subject headings are considered: in this case, the average work in WorldCat contains 1.8 subject headings.
The analysis of subject headings in the sample records highlights a key challenge in leveraging work-level information across all manifestations-consistency in providing values for this information. For example, there is no reason why the number of unique subject headings associated with a work should increase as the number of manifestations increases. This supposition, however, is belied by the sample data, where a loose, positive correlation between work size and the number of unique subject headings is discernable.
This correlation suggests that different catalogers are assigning different subject headings to the same work when creating the bibliographic record for their particular manifestation. Since subject headings are primarily used as access points in the catalog, an argument can be made that more subject headings are beneficial, since the probability that the work will be "discovered" by users is increased. It is more likely, however, that a smaller set of widely agreed-upon subject headings would be preferred.
The ability to leverage the information embodied in a set of work records will be greatly influenced by the design of the cataloging system. Key issues include the selection of which work-level information is made available to the cataloger, the design of the cataloging interface, and the ability to create cataloger profiles so that the appropriate information is displayed at the beginning of the cataloging session. These issues will be of increasing importance as more non-AACR2 records are added to
WorldCat. Analysis suggests that concentrating on relatively large works, in particular those works whose content has been augmented, revised, or consists of collections of other works (a relatively small portion of the catalog) might be sufficient to capture the lion's share of benefits potentially available from implementing FRBR.
The difficulty in applying FRBR to library catalogs would be eased by the availability of algorithms to perform at least part of this task through machine processing of bibliographic records. A study by Hickey, et al. [26] offers some promising results in this regard.
Analysis of the sample also suggests that FRBR may serve as a means of leveraging information in particular bibliographic records across other records in the catalog, reducing the cost and increasing the quality of both original and copy cataloging.
These benefits are obtained even if a local system does not fully incorporate a FRBR structure. The structure of the FRBR model implies the existence of certain information that applies at the highest level of the bibliographic hierarchy -the work -and therefore also applies to, or is inherited by, bibliographic entities comprising the lower levels of the hierarchy. This includes manifestations, the entity represented by a WorldCat record. 
